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placed on minimum water content and minimum permeability, and this does not
necessarily mean maximum density. If concrete is rendered impervious by
virtue of structurally sound aggregate, properly selected cement, proper mix-
ture design, proper mixing and placing, and adequate curing, the resulting
concrete will resist hundreds of cycles of freezing and thawing without appre-
ciable deterioration. Cement containing Vinsol resin or other approved air-
entraining agent is now generally acknowledged as superior to plain cement in
preventing the deterioration due to frost action. The best indication of deteri-
oration in the structural qualities of a concrete specimen is a continued reduc-
tion in its sonic modulus. Low temperatures cannot impair the structural
qualities of concrete, unless moisture is present within the mass to produce
expansion at critical temperatures and a consequent disruption of that close
association between the matrix and the aggregate particles commonly referred
to as bond. The plane of contact between the matrix and the aggregate par-
ticles must remain an impervious plane of contact and not gradually degenerate
into a series of interconnected voids, which provide the entering wedges of
deterioration through frost action. This degree of perfection is possible, but
it is not often attained with careless and indifferent workmanship. Hence,
eternal vigilance from the quarry to the cured product is the only way to produce
good, uniform, durable concrete. In buttressed dams, and other hydraulic
structures in cold climates, impermeability in thin walls subject to water pres-
sure is very important. Such walls, if exposed on one side, may freeze entirely
through several times during a single winter. Unless the moisture-absorbing
capacity of these walls is held to the absolute minimum, trouble may be
expected.

There is ample evidence of durable and nondurable concrete. It is not a
question of whether durable concrete can be produced, it is a question of whether
we are willing to submit to the monotonous grind of eternal vigilance in each
and every detailed operation connected with production. It will never be easy
to produce good, uniform, durable concrete, but it can be produced if there are
no missing links in the process. The production of such concrete is an intricate
manufacturing process in which the necessity for proper control of all the ingre-
dients and careful supervision of all the steps in the process are not yet sufficiently
appreciated by the average constructor to enable him to produce the desired
results. He is too often high-pressured into sacrificing the very detail that is
mandatory if the desired results are to be attained.

Variation in the coefficients affecting volume change of the various ingredients
of concrete is a potential source of cracking and checking that has not yet been
given careful consideration. Materials combined into a synthetic conglomerate
cannot expand and contract at different rates under rapid temperature changes
(thermal shock) without tending to disrupt the paste, or the aggregate, or both.

15. Waterproofing. Concrete is inherently a more or less porous material,
and its degree of impermeability is dependent upon so many factors that the
question of when to waterproof and what method to use cannot be answered
except in very general terms. If well-graded aggregates are available and